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Abstract: Using the presence of Sphagnum mats as a hydrology
indicator during Federal delineations was suggested during field testing
for the Southeastern Regional Supplement. However, some species of
Sphagnum occur occasionally in uplands in the Atlantic and Gulf Coastal
Plain Region, so this genus is not reliable enough to be a primary indicator
of wetland hydrology. Instead, Sphagnum mats or cushions could be used
as a secondary Class D hydrology indicator, which provides contemporary
evidence of a saturated surface. A minimum cover requirement should be
considered to ensure that Sphagnum is not mistakenly used as evidence of
wetland hydrology in uplands. An on-site evaluation of the wet and mesic
flatwood pine types is recommended to verify the association between the
presence of wetland hydrology and increased percent cover. Some
Sphagnum species appear bleached or whitened when desiccated, so the
presence of “dead” plants should not be used as evidence that wetland
hydrology is lacking.
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1 Introduction

By definition, jurisdictional wetlands are delineated using three diagnostic
characteristics: hydrophytic vegetation, hydric soils, and wetland hydrolo-
gy (U.S. Army Corps of Engineers [USACE] 1987). These three factors do
not always co-occur. Wetland hydrology is the least exact and can be diffi-
cult to document in the field (USACE 1987). When water cannot be direct-
ly observed, a variety of landscape, soil, or vegetation indicators provide
indirect evidence that wetland hydrology is continuous. For instance, aqg-
uatic Sphagnum species are used in Florida as hydrology indicators in
state delineations (Gilbert et al. 2007). During field testing for the Sou-
theastern regional supplement to the Corps of Engineers Wetland Delin-
eation Manual (USACE 2008), the Norfolk District suggested using
Sphagnum mats as a hydrology indicator during Federal delineations. In
response to this suggestion, we present and review the characteristics that
make Sphagnum a possible environmental indicator, discuss desiccation
tolerance and avoidance strategies, and examine Sphagnum habitat types
in the southeast. The nomenclature is according to Anderson et al. (2009).
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2 Sphagnum as an Environmental Indicator

The genus Sphagnum has many of the same characteristics that make vas-
cular plants useful environmental indicators, such as association with cer-
tain landscape positions and other environmental variables. The genus oc-
cupies a wide geographic range but is mostly restricted to moist, cool,
montane, or oceanic habitats throughout much of its range (Flora of North
America Editorial Committee 2007). Sphagnum distribution is deter-
mined primarily by the continuity of the water supply and water chemistry
(Clymo and Hayward 1982; Andrus 1986). Species response curves of most
Sphagnum species along a complex depth-to-water-
table/microtopographic gradient are most often monotonic or bell-shaped
(Qkland 1986; Rydgren et al. 2003), suggesting that water table depth is
an important determinant of species distribution. According to Andrus
(1986), Sphagnum species fill a wider range of niches than is commonly
recognized, and they should not be lumped into one large ecological group.
They are well known for their microsite specificity, occupying specific
niches based on gradients of shade, height above water table, pH, and spe-
cific conductivity (Slack et al. 1980; Lane and Dubois 1981; Andrus et al.
1983). Some Sphagnum species occupy niches on or near the wetland
boundary with greater frequency than other bryophytes (Lichvar et al.
2009).
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3 Desiccation Tolerance and Avoidance
Strategies

Bryophytes obtain moisture from a variety of sources, including humidity,
dew, mist, precipitation, and surface and ground waters. Yet, in Southeast
Coastal Plain wetlands, the growth of some Sphagnum species is limited
by moisture availability for two reasons. First, the hydroperiods of south-
ern wetlands fluctuate; seasonal dry periods occur in many wetland types
(USACE 2008). Second, bryophytes are physiologically active only when
hydrated. During dry periods, they become dormant, resuming normal
metabolism when water is available (Proctor et al. 2007). Lane and Dubois
(1981) divided Coastal Plain Sphagnum species into four groups based on
microsite height in relation to the water table measured from February to
April. Aguatic species grow at the water table, while semi-aquatic Sphag-
num species occur up to 0.5 cm above the water table. Terrestrial species
occupy microsites from 2.2 to 29.0 cm above the water table. The fourth
group consists of highly variable species spanning the entire range. Terre-
strial Sphagnum species can be further divided to create a total of five eco-
logical groups. Carpet/hollow species grow closer to the water table, whe-
reas lawn/hummock species grow farther from it (Sjors 1950).

Physiologically, four of the five groups tolerate some degree of desiccation.
The main difference between their microsites is the length of time that
they are wet and dry (Proctor et al. 2007). Aquatic species, such as S. ma-
crophyllum, S. torreyanum, or S. cuspidatum, grow in or along margins of
ponds or pools and in roadside ditches and embankments (Reese 1984;
Anderson et al. 2009). Semi-aquatic species, such as S. cyclophyllum or S.
fitzgeraldii, inhabit very small pools or puddles that dry out much more
quickly. Anderson et al. (2009) suggests that aquatic Sphagnum species
outcompete S. fitzgeraldii in larger water bodies. S. fitzgeraldii may prove
unreliable for delineation purposes, despite its aquatic occurrences be-
cause it is ephemeral, colonizing disturbed habitats and reproducing fre-
guently (Andrus 1986). Terrestrial hollow/carpet species, such as S. fallax
or S. recurvum, form carpets or mats in mesic to wet, shallow depressions
in roadside ditches, flatwoods, pocosin margins, and swamps (Flora of
North America Editorial Committee 2007; Anderson et al. 2009). In New
Jersey, S. fallax is an important species in the carpets of weakly minero-
trophic peatlands (Karlin and Andrus 1988). Hollow species, such as S.
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fallax, tolerate longer periods of desiccation and restore photosynthesis at
higher rates after rehydration than do hummaock species (Wagner and Ti-
tus 1984). Aquatic, semi-aquatic, and carpet/hollow species have similar
morphologies: lax, weak-stemmed, or sprawling. The presence of widely
spaced groups of branches, or fascicles, suggests that external water reten-
tion and transport are unnecessary (McQueen 1990). At the extreme, S.
cyclophyllum often lacks branches and a well-developed capitulum.

In contrast, terrestrial hummock-formers resist desiccation (Wagner and
Titus 1984) by forming cushions or mounds in mesic to wet shallow de-
pressions. The compact morphology of species such as S. bartlettianum or
S. flavicomans (Lane and Dubois 1981; Reese 1984; Karlin and Andrus
1988) creates an external matrix of tightly packed branches, leaves, and
capillary spaces that retains water. Plants also store water internally in
large empty hyaline cells that are dead at maturity. The humid oceanic
climate, the ability to obtain water from sources other than the soil, and
the ability to store water externally and internally keeps the actively grow-
ing capitulum hydrated during summer dry periods (Clymo and Hayward
1982). Conservative hummock-formers grow more slowly than opportu-
nistic hollow species, creating the conditions necessary to ensure their
survival far above the summer water table (Luken 1985; Andrus 1986).
While some hummock-formers grow in wetlands, others occur mainly in
areas considered to be uplands. For instance, S. strictum is recognized as a
pioneer that colonizes mesic to wet disturbed areas, such as roadside em-
bankments, ditches, and recently burned savannas (Reese 1984; Flora of
North America Editorial Committee 2007; Anderson et al. 2009). Like-
wise, S. tenerum is common in mesic savannas, pine barrens, moist road-
banks, and ditches, but it is also sometimes found in swamps.

Highly variable species, such as S. lescurii, S. molle, and S. perichaetiale,
inhabit many microsite types (Lane and Dubois 1981). Their morphology
varies from lax and sprawling to compact, depending on the hydrologic
conditions of their microsite. For instance, S. molle forms compact cu-
shions in savannas, pine barrens, and ditches. Plants tend to be thin with
widely spaced fascicles in hardwood swamps. S. lescurii grows in ditches,
floodplains, flatwoods, wet savannas, pocosins, and swamps. Plants that
grow submerged or emergent are larger and plumper than terrestrial ver-
sions. S. perichaetiale is a ruderal species that occurs in compact cushions
or in loose mats in drier habitats such as roadbanks, power line right-of-
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ways, moist to wet soil in savannas, and cedar swamps (Reese 1984; Flora
of North America Editorial Committee 2007; Anderson et al. 2009).
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4 Sphagnum Habitat Types in the Southeast

Approximately 31 Sphagnum species occur in the Atlantic and Gulf Coast-
al Plain Region (Karlin and Andrus 1988; Karlin et al. 1991; Anderson et
al. 2009). Sphagnum occurrences depend on some level of hydrologic con-
tinuity (Clymo and Hayward 1982), but a small group of Sphagnum spe-
cies can be found in environments that lack hydrophytic vegetation, hydric
soils, or both. When hydrologic conditions are adequate, Sphagnum spe-
cies inhabit many substrates, including rocks, root collars, sand, and peat
(Gilbert et al. 2007; Hill et al. 2007; Anderson et al. 2009). The genus is
not common in the Mississippi Alluvial Valley, the Florida Peninsula, or
the Inner Coastal Plain, occurring mainly along streambanks and on lake
or pond margins.

Field studies and herbarium records show that Sphagnum occurs in both
uplands and wetlands in the Northern and Outer Coastal Plains. The genus
is found in many plant communities and habitats that are not wetlands,
such as pineland tree—awn grass (Aristida stricta) dominated sand hills,
maritime live oak (Quercus virginiana)—pine forests, roadside ditches,
borrow pits, and exposed rock outcrops (Lane and Dubois 1981; Reese
1984; Karlin and Andrus 1988; Anderson et al. 2009). However, Sphag-
num species also occur in many of the wetland types described in the At-
lantic and Gulf Coastal Plain Regional Supplement (USACE 2008), such as
hardwood bottomland swamps, depressional wetlands, pocosins, savan-
nas, and pine barrens. The distinction Anderson et al. (2009) makes be-
tween wet pine flatwoods [dominated by loblolly pine (Pinus taeda) (cover
photo) and pond pine (P. serotina)] and mesic pine flatwoods [dominated
by P. taeda, longleaf pine (P. palustris), shortleaf pine (P. echinata), and
spruce pine (P. glabra)] may be of particular interest if this distinction be-
tween pine types is associated with occurrences of Sphagnum. According
to Anderson et al. (2009) the genus is not abundant in mesic pine flat-
woods, occurring only in low places, but is more frequent in wet pine flat-
woods, where it forms mats in swales, on pool margins, and in wet depres-
sions.
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5 Conclusion

Given that some species of Sphagnum occur occasionally in uplands of the
Atlantic and Gulf Coastal Plain Region, we believe that this genus is not
reliable enough to be a primary indicator of wetland hydrology. The re-
gion’s annual moisture surplus, its humid oceanic climate, and Sphag-
num’s unique morphologies enable some species of Sphagnum to grow in
uplands. Yet, as xerophytic hydrophytes (List and Andrus 1989), Sphag-
num species associated with wetlands can provide evidence of continuing
hydrology since their morphology and physiology are adapted to persist
through the seasonal dry periods that are common in many southeastern
wetlands. Therefore, we recommend using Sphagnum mats or cushions as
a secondary Class D hydrology indicator, which provides contemporary
evidence of a saturated surface. A minimum percent cover threshold
should also be set to ensure that Sphagnum is not mistakenly used as evi-
dence of wetland hydrology in uplands, where it occurs occasionally but is
not abundant.

Caution should be exercised in pine flatwoods. We recommend an on-site
evaluation of the wet and mesic flatwood pine types (Anderson et al. 2009)
for refining the use of Sphagnum as a hydrology indicator. In wet pine
flatwoods dominated by Pinus taeda and P. serotina, a minimum thre-
shold cover value will verify the association between the presence of wet-
land hydrology and increased percent cover. In mesic flatwoods, a similar
minimum cover threshold should be set to ensure that Sphagnum cover
represents the presence of wetland hydrology (i.e., in low areas with a high
water table) and not the humid oceanic climate.

Finally, inexperience with the genus could lead to incorrect conclusions.
For example, when desiccated, S. fitzgeraldii could be mistaken for dead,
given its whitened, scruffy appearance, while S. cyclophyllum might not
even be recognized as a member of the genus. Hence, the lack of Sphag-
num or the presence of “dead” plants should not be used as evidence that
wetland hydrology is lacking.
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